Abstract
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Sleep problems not only have negative impacts on quality of life and social functioning [16] but are also significantly associated with health problems. Previous cross-sectional studies have indicated that youth with comorbid ADHD and depression [17] and anxiety may have sleep problems that are more severe relative to those with ADHD alone [18, 19] . Prospective studies have shown that sleep problems can significantly predict greater depressive but not anxiety symptoms 1 year later in young adolescents with ADHD [20] , that transient or persistent sleep problems at the baseline can predict behavioral and emotional problems 1 year later in children with ADHD [21] , and that sleep problems at the baseline can predict emotional problems at 6 months (and vice versa) [22] . These results indicate that sleep problems should be a treatment target for depression and anxiety symptoms in individuals with ADHD.
Several issues concerning the association of insomnia and sleep duration with health problems in individuals with ADHD warrant further study. First, community-based studies have shown that compared with adolescents with average sleep duration, those with long nocturnal sleep duration were more prone to violence, alcohol and illicit drug use, and truancy [23] , whereas long nocturnal sleep duration was found to be significantly associated with higher psychological well-being and quality of life [24] . Although one study showed that long sleep duration can predict the effect of stimulant medication on the improvement of executive attention in individuals with ADHD [25] , another study found that long sleep duration was associated with increased odds of reporting ADHD [26] . No study has examined the relationship between long nocturnal sleep duration and health problems in children and adolescents who have received a clinical diagnosis of ADHD. Second, although prospective studies have found that short sleep duration can predict the diagnosis of ADHD [27] and subsequent development of depression and anxiety [28] , to our knowledge, the relationships of short nocturnal sleep duration with depression and anxiety have not been examined in a clinical group
Introduction
According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [1] , attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder with onset in the developmental period. Comorbid anxiety, depression, and pain problems are prevalent in children and adolescents with ADHD. Research has indicated that children and adolescents with ADHD are more likely to have depression than those without ADHD (14% vs 1%) [2] . Furthermore, more than onethird of adolescents with ADHD have comorbid anxiety disorders [3] . Studies have shown that, relative to ADHD alone, comorbid ADHD and depression result in greater psychosocial impairment [4] and higher suicidality risk in female adolescents [5] . Furthermore, individuals with comorbid ADHD and anxiety had worse overall functioning [6] and poorer psychosocial quality of life [7] , and children with ADHD are more likely to have comorbid headaches [8] and recurrent abdominal pain [9] . Pain also has disabling effects on children with ADHD [10] . The results of previous studies thus support the conclusion that comorbid depression, anxiety, and pain problems warrant routine monitoring in children and adolescents with ADHD.
Not every child and adolescent with ADHD, however, has comorbid depression, anxiety, and pain problems, indicating that there may be risk factors that increase the possibility of them occurring. The roles of insomnia and sleep duration in comorbid depression, anxiety, and pain problems in this population thus warrant further study. Co-occurrence of sleep problems and short sleep duration with inattention and hyperactivity-impulsivity has also been documented in children [11] , adolescents [12, 13] , and young adults [14] . A meta-analysis concluded that children with ADHD are more impaired than typically developed children on most subjective (and some objective) measures of sleep, such as bedtime resistance, sleep onset difficulty, night awakening, difficulty with morning awakening, sleep-disordered breathing, daytime sleepiness, sleep onset latency, and apnea and hypopnea [15] .
anxiety, and pain problems in children and adolescents with ADHD. Sleep parameters should be routinely surveyed in this population to determine whether an intervention is necessary.
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Relationships of Subjective Insomnia and Sleep Duration with Depression, Anxiety, and Pain Problems in Children and Adolescents with Attention-Deficit/Hyperactivity Disorder of children and adolescents with ADHD. Third, research found that community adolescents with subjective insomnia reported unsatisfactory pain-related quality of life, but the opposite was reported by those with long nocturnal sleep duration [24] . However, no study has examined the relationships of subjective insomnia and sleep duration with pain problems in children and adolescents with ADHD.
The aim of the present study was to examine the relationships of subjective insomnia and short and long nocturnal sleep duration with depression, anxiety, and pain problems in children and adolescents with ADHD. We hypothesized that the severity of subjective insomnia and short sleep duration are positively associated with the severity of depression, anxiety, and pain problems in this population. Given the lack of related studies, we tentatively hypothesized that long nocturnal sleep duration is negatively associated with the severity of depression, anxiety, and pain problems in children and adolescents with ADHD.
Methods

Participants
Participants were recruited from the child psychiatric outpatient clinics of two medical centers in Kaohsiung and Taoyuan, Taiwan. Children aged 6-18 years who had received a diagnosis of ADHD on the basis of the diagnostic criteria in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision [29] between November 2010 and October 2012 were invited to participate in the study. ADHD was diagnosed on the basis of multiple data sources, including (a) an interview with a child psychiatrist, (b) clinical observation of the participant's behavior, and (c) history provided by the mother and the results of the short Chinese version of the Swanson, Nolan, and Pelham Scale, Version IV (SNAP-IV) [30, 31] . We interviewed with children and their parents to collect their histories of development and school adjustment and performance. We also reviewed children's medical records to collect their psychiatric and pediatric diagnoses and results of psychological assessment. Based on the results of interviews, clinical observation, medical records and psychological assessment, children were excluded from this study if they exhibited intellectual disability, bipolar disorder, difficulty communicating, or any cognitive deficit that prevented them from understanding the study purpose or completing the questionnaires. In total, 553 children with ADHD and their parents were invited to participate. Among them, 469 (84.8%) agreed. No difference in sex (χ 2 = 0.924, p = .350) or age (t = −0.350, p = .780) was observed between the children who participated and those who refused to participate in this study.
All participants and their parents received psychoeducation about the etiology, symptom presentation, and treatment strategies of ADHD. In addition, the parents received counseling about the skills required to manage children's ADHD symptoms and how to communicate with their children. The intervention for treating ADHD symptoms was medication in 390 participants (83.2%) and group cognitive-behavioral psychotherapy in 276 participants (58.8%). This study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital.
Measures
Athens Insomnia Scale (AIS-8):
We used the Taiwanese version of the eight-item AIS-8 to assess the severity of subjective insomnia over the last month [32, 33] . Higher total scores indicate more severe insomnia symptoms and subjective sleep-related distress. The psychometrics of the Taiwanese version of the AIS-8 has been described elsewhere [33] . The Cronbach's alpha for the AIS-8 in the present study was .77.
Nocturnal sleep duration:
Participants were asked, "How many hours of sleep on average do you usually get every night in the past one month?" Their responses were used to represent their habitual nocturnal sleep duration. The 2-week test-retest reliability and correlation between self-reports and parents' reports for the duration of nocturnal sleep (Pearson correlation's r) were .72 and .70 (p < .001), respectively [23] . We defined children and adolescents whose total sleep duration at night was one standard deviation (SD) below the mean sleep duration of all participants as "short sleepers," those whose total sleep duration at night was within one SD of the mean sleep duration as "average sleepers," and those whose total sleep duration at night was one SD above the mean sleep duration as "long sleepers."
ADHD and oppositional symptoms:
The short version of the SNAP-IV-Chinese version was used to assess the severity of the mother-Research Cheng-Fang Yen reported DSM-IV-TR-derived inattention, hyperactivity-impulsivity, and oppositional symptoms in the month preceding the present study [30, 31] . Each item is rated on a 4-point Likert scale, ranging from 0 (not at all) to 3 (very much). Higher total scores for the subscales indicate higher severity of mother-reported inattention, hyperactivity-impulsivity, and oppositional symptoms. In this study, the Cronbach's α of the three subscales ranged from .88 to .91.
Children's Depression Inventory-Taiwanese Version (CDI-TW):
The self-report CDI-TW consists of 27 items assessing the severity of depressive symptoms in children and adolescents [34, 35] . Respondents rate themselves according to how they feel and think, with each statement being scored from 0 to 2 [34, 35] . The psychometrics of the CDI-TW was examined in a previous study on Taiwanese youths [34] . The Cronbach's alpha for the CDI-TW in the present study was .82. One item in the CDI-TW inquired about the participants' sleep disturbance. Because that the inclusion of the item in the CDI-TW inquiring the participants' sleep disturbance may confound the association between insomnia on the AIS-8 and depression on the CDI-TW, we excluded this item and summed the scores of the other 26 items for analysis. Higher total scores on the CDI-TW represent a more severe level of depressive symptoms.
Taiwanese version of the Multidimensional Anxiety Scale for Children (MASC-T):
The self-report MASC-T consists of 39 items answered on a 4-point Likert scale [36, 37] . Higher total scores on the MASC-T represent a more severe level of anxiety symptoms. The psychometrics of the MASC-T was examined in a previous study on Taiwanese youths [33] . The Cronbach's alpha for the MASC-T in the present study was .89. Pain: Self-reported levels of pain in the chest, abdomen, neck and shoulders, back and extremities, and head, as well as pain-induced functional impairment in the month preceding the study were assessed using the Visual Analog Scale with ratings from 0 to 100. Those who rated their level of pain in any part of the body as 50 or higher were classified as experiencing severe perceived pain. Those who rated their level of pain-induced functional impairment as 50 or higher were classified as experiencing severe pain-related dysfunction.
Procedure and statistical analysis
Research assistants performed interviews using the research questionnaires to collect data from the study population. Parents completed the short Chinese version of the SNAP-IV. Data analysis was performed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA).
We used multiple regression models to examine the association of subjective insomnia and sleep duration with depression and anxiety. We also used logistic regression models to examine the association of subjective insomnia and sleep duration with severe perceived pain and severe pain-related dysfunction. The effects of demographic characteristics and ADHD symptoms were controlled for in both models. A two-tailed p value of less than .05 was considered statistically significant in the multiple regression analysis. The odds ratio (OR) and the 95% confidence interval (CI) of the OR were used to represent the significance of the logistic regression analysis.
Results
The demographic and ADHD characteristics, subjective insomnia, sleep duration, depression, anxiety, and pain problems among the participants are shown in Table 1 . The mean (SD) nocturnal sleep duration of all participants was 8.2 (1.2) hours. Regarding sleep duration, 121 (25.8%) participants were short nocturnal sleepers (nocturnal sleep duration, ≤7 hours), and 59 (12.6%) were long nocturnal sleepers (nocturnal sleep duration, ≥10 hours). Because that medication for ADHD may influence children's sleep, we compared the severity of insomnia on the AIS-8 and the proportions of participants with various sleep durations between the participants with and without receiving medication for ADHD. The results indicated that no significant differences in the severity of insomnia on the AIS-8 (t = -.845, p = .399) and the proportions of participants with various sleep durations (χ 2 = 4.753, p = .093) between the participants with and without receiving medication for ADHD.
The multiple regression results regarding the associations of subjective insomnia and sleep duration with depression and anxiety are shown in Tables 2 and 3. The results showed that subjective insomnia was positively associated with depression (β = .551, t = 13.396, p < .001) and anxiety (β = .444, t = 10.136, p < .001). 
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Compared with the participants with average sleep duration, those with short sleep duration had more severe depression (β = .193, t = 3.686, p < .001) and anxiety (β = .167, t = 3.196, p = .002). Moreover, compared with the participants with average sleep duration, those with long sleep duration had more severe anxiety (β = .164, t = 3.085, p = .002).
The logistic regression results regarding the associations of subjective insomnia and sleep duration with severe perceived pain and severe pain-related dysfunction are shown in Table  4 . The results showed that subjective insomnia was positively associated with severe perceived pain (OR = 1.287, 95% CI = 1.208-1.370) and severe pain-related dysfunction (OR = 1.252, 95% CI = 1.165-1.345). Compared with those with average sleep duration, both the participants with short sleep duration (OR = 1.958, 95% CI = 1.177-3.257) and those with long sleep duration (OR = 1.613, 95% CI = 1.171-2.222) were more likely to have severe perceived pain, whereas no significant difference in the risk of severe pain-related dysfunction was observed between those with average and short sleep duration (OR = 1.760, 95% CI = 0.891-3.476) and between those with average and long sleep duration (OR = 1.507, 95% CI = 0.983-2.311).
Discussion
The results of the present study indicate that short nocturnal sleep duration is significantly associated with depression, anxiety, and perceived pain in children and adolescents with ADHD. Several potential pathways have been speculated to explain the associations between short sleep duration and mental health problems [38, 39] . First, sleep insufficiency is a stressor that may exacerbate depression and anxiety through impairing cognitive judgment, increasing irritability, and lowering the threshold for negative emotional responses. Sleep insufficiency may also increase youths' somatic discomfort and lower their pain threshold. Second, sleep insufficiency may interact with numerous underlying vulnerability moderators (e.g., hopelessness and impulsivity) and make some adolescents less tolerant of negative emotional states. Third, sleep insufficiency, depression, anxiety, and pain may share a common neurobiological mechanism, particularly regarding decreased serotonin functioning.
Contrary to our hypothesis, the results indicate that long nocturnal sleep duration is significantly associated with anxiety and perceived pain in children and adolescents with ADHD. This result is incongruent with that of a previous study that found long nocturnal sleep duration to be significantly associated with higher psychological well-being and quality of life in adolescents in the community [24] . The inconsistency between the present and previous studies indicates that the role of long nocturnal sleep duration in mental health may vary between youths with ADHD and their typically developed counterparts. Although further study is necessary to examine why the association between long nocturnal sleep duration, anxiety, and perceived pain develops, we suggest that the role of education systems be considered. Primary, junior high and high school students in Taiwan, Japan, and Korea must spend considerable time completing school assignments and studying for exams, which are a [40] [41] [42] . Children and adolescents with ADHD and long nocturnal sleep duration may experience difficulty complying with their school time schedule and awaking in the early morning; this increases their stress in daily life and leads to the development of anxiety. Moreover, both long nocturnal sleep duration and perceived pain might represent somatic discomfort. However, the validity of these explanations for the associations of long nocturnal sleep duration with anxiety and perceived pain requires further study.
In line with the results of previous studies [11] [12] [13] [14] , the present study found that subjective insomnia was positively associated with depression, anxiety, perceived pain, and severe pain-related dysfunction. Insomnia may share common neurobiological mechanisms with depression, anxiety, and pain, particularly regarding serotonin [43] , norepinephrine functioning [44] , and circadian clock genes [45] . Moreover, insomnia is a stressor that may worsen emotions through impairing cognitive judgment and impulse control [39, 46] .
Some limitations were encountered in this study. First, the cross-sectional design limited our ability to draw conclusions regarding the causal relationships between insomnia, sleep duration, and health indicators. Second, the study data were exclusively self-reported. The use of one data source could have influenced our findings and may have resulted in shared-method variance. Third, nocturnal sleep duration was not measured separately on weekdays and weekends. Fourth, we did not specify the types of pain and painful event that participants had experienced, which should be included in further study.
Despite these limitations, the results of the present study support the conclusion that insomnia and short and long nocturnal sleep duration should be a treatment target in efforts to mitigate depression, anxiety, and pain problems in children and adolescents with ADHD. In recent years, several intervention models for sleep problems in children with ADHD have been demonstrated to be effective. For example, Better Nights, Better Days, a distance intervention for insomnia in school-aged children with and without ADHD, demonstrated a significant reduction in sleep problems and improved psychosocial functioning [47] . The brief behavioral sleep intervention program proposed by Hiscock, et al. [48] ameliorated ADHD symptoms and improved sleep, behavior, quality of life, and functioning in a community sample of children with ADHD [48] . Insomnia and nocturnal sleep duration should be routinely surveyed in children and adolescents with ADHD. Intervention programs should be provided for people in this population who have insomnia and short or long nocturnal sleep duration.
